The quantification of the complex trabecular bone network in the study of osteoporosis is certainly an important component of trabecular bone quality assessment. MRI and more recently high-resolution peripheral quantitative computed tomography (HR-pQCT) are currently the main imaging modalities for the in vivo study of trabecular bone micro-architecture. Common computed trabecular bone parameters include apparent bone volume to tissue volume (BVTV), apparent trabecular bone number (app.Tb.N.), spacing (app.Tb.Sp.), and thickness (app.Tb.Th.), as well as anisotropy, and connectivity in terms of the Euler number [1] . Digital topological analysis (DTA), where each voxel is classified into different categories based on its local topology, is also becoming an important tool for the assessment of bone integrity from medical images with high-spatial resolution [2] . In this work a new trabecular bone analysis quantification technique is presented under the name of Geodesic Topological Analysis or GTA. New apparent trabecular bone parameters derived from GTA are also presented under the names of apparent trabecular bone volume distribution (app.Tb.V.D.) , apparent trabecular bone junction space (app.Tb.J.Sp.), and apparent trabecular bone distance to junction (app.Tb.D.J).
Discussion
In this work we have presented Geodesic Topological Analysis and its derived parameters as an alternative technique to quantify the trabecular bone micro-architecture of high-spatial resolution MR images. Although the technique has been presented in 2D, it is currently fully functional in 3D. The individual AUCs of the ROCs for the new parameters showed moderate vertebral fracture discrimination. The mean values of all the proposed parameters were higher for the subjects with fracture than for those without fracture. A possible explanation of this phenomenon could be that as the geodesic distances between the junctions increase, the amount of bone that the junctions have to support also increases, as well as the geodesic distances of the bone elements to the junctions, making the bones more susceptible to fracture. Current work is focused on data mining techniques and comparison of the proposed parameters to those already established in the field such as BVTV, app.Tb.N., app.Tb.Sp., app.Tb.Th., as well as DTA parameters. The application of the proposed methodology to images of HR-pQCT is also in progress, as well as further analysis of the presented specimens with additional available variables such as calcaneal and proximal femur BMD (g/cm2), spinal BMD (g/ml), and mechanical testing of the proximal femur.
